1] The essential features of stress interaction among earthquakes on en echelon thrusts and tear faults were investigated, first through idealized examples and then by study of thrust faulting in Algeria. We calculated coseismic stress changes caused by the 2003 M w = 6.9 Zemmouri earthquake, finding that a large majority of the Zemmouri afterslip sites were brought several bars closer to Coulomb failure by the coseismic stresses, while the majority of aftershock nodal planes were brought closer to failure by an average of ∼2 bars. Further, we calculated that the shallow portions of the adjacent Thenia tear fault, which sustained ∼0.25 m slip, were brought >2 bars closer to failure. We calculated that the Coulomb stress increased by 1.5 bars on the deeper portions of the adjacent Boumerdes thrust, which lies just 10-20 km from the city of Algiers; both the Boumerdes and Thenia faults were illuminated by aftershocks. Over the next 6 years, the entire south dipping thrust system extending 80 km to the southwest experienced an increased rate of seismicity. The stress also increased by 0.4 bar on the east Sahel thrust fault west of the Zemmouri rupture. Algiers suffered large damaging earthquakes in A.D. 1365 and 1716 and is today home to 3 million people. If these shocks occurred on the east Sahel fault and if it has a ∼2 mm/yr tectonic loading rate, then enough loading has accumulated to produce a M w = 6.6-6.9 shock today. Thus, these potentially lethal faults need better understanding of their slip rate and earthquake history.
Introduction
[2] The 21 May 2003 M w = 6.9 Zemmouri earthquake struck on a south dipping thrust fault whose surface trace is inferred to lie about 5-10 km offshore. The earthquake caused up to 0.8 m of coastal uplift and up to 0.24 m of horizontal displacement as measured by GPS. The earthquake source has been extensively investigated to identify the fault geometry and slip distribution using seismic, geodetic and coastal uplift data Yelles et al., 2004; Delouis et al., 2004; Semmane et al., 2005; Braunmiller and Bernardi, 2005; Belabbes et al., 2009] .
Studies were also carried out to investigate the relationship of the Zemmouri quake to the coastal tectonics of the Algerian fold and thrust belt Déverchère et al., 2005] .
[3] The tectonics of northern Algeria is characterized by a series of en echelon thrust faults (Figure 1) , which together accommodate 5-6 mm/yr of northwestward motion of Africa (Nubia) with respect to Eurasia [Morel and Meghraoui, 1996; Nocquet and Calais, 2004] . This is similar in geometry and rate to the well-studied continental thrust faults in central California, for example, Coalinga, Kettleman Hills [Namson and Davis, 1988; Dickinson, 2002; Lin and Stein, 2004] , but significantly different from subduction zones, where thrust segments are much more continuous along strike [e.g., Ando, 1975; Chlieh et al., 2004; Subarya et al., 2006 ].
[4] The 2003 Zemmouri earthquake occurred on a system of highly segmented en echelon ruptures in the intraplate crust (Figures 1 and 2c ). Thrust faults are linked by strikeslip faults into fault networks, the networks evolving into roughly perpendicular fault elements as the belt contracts and the faults mature. The historical and instrumental seismicity records reveal that the Boumerdes-Larbaa-Blida and Sahel thrust fault systems are currently active, as both appear to exhibit seismicity during the historical (Figure 2a ) and instrumental periods (Figures 2b and 2c ). The record of strong quakes in the Mitidja basin (Figure 2a ) likely reflects amplified basin shaking associated with earthquakes on either of the bounding thrust systems. During the most recent period, local network seismicity is evident on both thrust systems (Figure 2c ).
[5] A large number of recent studies have investigated earthquake interaction in a variety of tectonic settings [e.g., Harris, 1998; Parsons, 2002 , Freed, 2005 Steacy et al., 2005] . Increasing evidence points to the importance of stress interaction among continental thrust events [e.g., Harris et al., 1995; Deng and Sykes, 1997; Hardebeck et al., 1998; Wang and Chen, 2001; Wang et al., 2003; Lin and Stein, 2004] and among subduction earthquakes [e.g., Dmowska et al., 1988; Taylor et al., 1998; Parsons, 2002 Nalbant et al., 2005; Pollitz et al., 2006] . However, the detailed features of stress interaction of earthquakes on en echelon thrusts and adjacent tear faults, like the ones observed in Algeria, are still poorly understood.
[6] In this paper we first explain the basis for Coulomb stress change calculations. This is followed by an illustration of what we believe to be the essential features of stress interaction among earthquakes occurring on en echelon thrusts and adjacent tear faults. We then seek to validate, or at least build confidence in, the coseismic stress change calculations using the recorded aftershocks and geodetically inferred afterslip following the 2003 Zemmouri earthquake. Finally, we investigate the Zemmouri earthquake stress interaction with the faults in its immediate surroundings and discuss its implications on future seismic hazard of the region.
Coulomb Stress Change Calculation
[7] We introduce changes in Coulomb failure stress function caused by a main shock, DCFF,
where Dt is the shear stress change on a given fault plane (positive in the sense of fault slip), Ds is the fault normal Figure 1 . The contractional tectonics of northern Algeria is characterized by a series of en echelon thrust faults of moderate lengths, on which about 30 M ≥ 5.5 earthquakes have struck since records were kept beginning in about A.D. 1365 (modified from Meghraoui et al. [2004] ). Notable among these are the highly destructive 1980 M w = 7.3 El Asnam shock, as well as A.D. 1365 and 1716 earthquakes possibly located near Algiers [Rothé, 1950; Benouar, 1994] . The 19 largest global centroid moment tensor mechanisms are also shown, many of which are associated with the El Asnam event. The topographic expression of the thrust system is evident, but the role of offshore thrusts faults is less clear. The Mitidja basin in northern Algeria is bounded by the Boumerdes-Larbaa-Blida thrust fault system on the south and the Thenia strike-slip and Sahel thrust fault system on the north; these thrust systems have opposing dips [Meghraoui, 1988] . [Rothé, 1950; Roussel, 1973; Benouar, 1994; Guidoboni et al., 1994; Bezzeghoud et al., 1996; Ayadi et al., 2008] . Active faults are shown only within the greater Algiers region (36°N-37°N, 2.5°E-4.5°E) [Meghraoui, 1988] . Outside of the populated coastal region, location uncertainties are much larger and the completeness magnitude much greater than M = 5. The recent shocks (Figure 2c ) were recorded by the Algerian national seismic network. stress change (positive for fault unclamping), m is the coefficient of friction, and Dp is the pore pressure change. Dp is generally poorly known but proportional to the changes in normal stress [Ge and Stover, 2000; Cocco and Rice, 2002] , and so the majority of previous studies use the following simple expression, defining the apparent coefficient of friction m′ that implicitly includes the contribution of Dp:
Stress tensors are computed from the simple Hook's law and coseismic strain tensors resolved in a homogeneous elastic half-space [Okada, 1992] , in which the elastic body is governed by the shear modulus, which we assumed to be 3.2 × 10 5 bars, and Poisson's ratio, which we assumed to be 0.25. The coseismic shear stress caused by a "source" earthquake is resolved on specified planes of "receiver" faults, which are defined by their fault strike, dip, and rake. The normal stress change does not depend on the receiver fault rake. We used an apparent coefficient of friction, m′ = 0.4 as a midrange value since m′ could range between 0.0 and about 0.8 [King et al., 1994] .
[8] We employ two types of visualization for the calculated DCFF. One is smoothed color-gradient maps of scalar values of DCFF resolved onto assumed uniform receiver planes defined by their strike, dip, and rake at gridded nodes at a given depth. These are used for examining the tendency of stress transfer for typical regional faults; we examine the spatial correlation between DCFF and aftershocks or seismicity rate changes. The other representation is a mosaic display of DCFF resolved onto patches of individual receiver faults, where color indicates the calculated DCFF at the center of each patch in the rake direction of each patch. These are used for estimation of the stress imparted to known or suspected faults in order to evaluate the potential interaction between the earthquake rupture and surrounding major faults. We approximated curved faults by a network of discrete fault patches; errors associated with such approximation decrease with decreasing sizes of the discrete fault patches. All calculations were carried out using the Coulomb 3.2 software (http://www.coulombstress.org).
Idealized Stress Transfer Among Thrust Faults
[9] Under what conditions can a thrust earthquake promote failure on surrounding faults? To answer this central question for earthquake interaction and seismic hazard in northern Algeria, we first analyzed a suite of idealized cases for M = 7 ruptures that reflect, in simplified form, the faulting configuration in Algeria.
[10] The simplest case is for a continuous planar fault with a thrust segment (receiver fault 1; see Figure 3 ) located Figure 3 . Schematic diagram showing a source thrust earthquake fault, an along-strike thrust receiver fault 1, an en echelon receiver fault 2, and receiver fault 3 with an opposing dip. We use the terms "source" to identify the fault that slipped seismically and "receiver" to indicate a fault on which we resolve the Coulomb stress imparted by the source. The average slip of the source earthquake is 1 m with rake of 90°; that is, pure thrust. adjacent to a central pure thrust rupture (source quake; see Figure 3 ). We calculated Coulomb stress changes caused by the source quake on parallel thrust receiver faults ( Figure 4 ). We tapered the source slip toward the edges of the rupture to minimize stress discontinuities at the rupture edges. One can see from Figures 4a-4c that an along-strike thrust fault (receiver fault 1) is brought closer to failure by the adjacent rupture, but that the stress falls off quickly at distances greater than about one source width, regardless of the length of the source rupture. The result is symmetrical; the stress increase is the same on either side along strike of the source fault.
[11] The second case we considered is for echelon thrust faults (receiver fault 2; see Figure 3 ). The stress transfer is .0 thrust earthquake on adjacent thrust faults either along strike (receiver fault 1) or en echelon (receiver fault 2). The 40 km long source quake has a tapered slip of 1 m, dips 45°, and ruptures from the ground surface to a depth of 20 km. Receiver faults have the same strike, dip, and rake as the source quake and at depth of 10 km (Figure 4a ) and 19.5 km ( Figure 4b ). Cross sections at 10 km from the end of the source quake (cross section position shown in Figure 4a Figure 4d . Like the along-strike thrust fault, the en echelon thrust (receiver fault 2) is also brought closer to failure, but the stress increase diminishes roughly to zero at the base of the fault. Thus one might expect triggered earthquakes to preferentially nucleate at shallower depths.
[12] The third case is for opposing thrust faults on each side of a down-dropped basin (receiver fault 3; see Figure 3 ), resembling the structure of the Mitidja basin ( Figure 1) . Here, an earthquake on one thrust inhibits failure on the second (Figures 4e-4g ). This inhibition is much stronger than the promotion in the former cases, and occurs regardless of the assumed value of friction. Thus rupture of one thrust fault locks the thrust across the basin, and so no triggering on an opposing thrust fault would be expected.
Idealized Stress Transfer Between Thrust and Tear Faults
[13] Tear faults or near-vertical shear zones likely connect en echelon thrusts at depth, as illustrated schematically in Figure 5 . We calculated Coulomb stress changes caused by the source thrust quake on vertical tear faults that are orthogonal to the strike of the source fault ( Figure 6 ). We find that slip on tear faults is strongly promoted by an adjacent thrust earthquake ( Figure 6 ). Even though we tapered the source slip toward the edges of the rupture, the Coulomb stress increase on the tear faults is much larger than it is for adjacent thrust faults (to appreciate this, compare the areas of stress increase in Figures 4 and 6) . The near-surface stress change (see Figures 6a and 6e) may be large enough that surface slip might also be promoted. The imparted stress decreases with depth. Since the peak stress on the tear faults is just inboard of the edge of the thrust rupture, tear faults linking en echelon thrust sources would be strongly promoted.
[14] Our static stress calculations also show that when the thrust source has oblique slip, the tear faults are still favored. However, the stress imparted to the right-lateral tear fault is higher if the source has a right-lateral component, with the same for left-lateral source slip and left-lateral tears. In addition to the direct stress transfer from the thrust to tear faults as shown in Figure 6 , Magistrale and Day [1999] illustrated that the presence of a tear fault favors the jump of dynamic rupture from the source earthquake fault to its adjacent thrust segments.
Consistency Tests of the 2003 Zemmouri Stress Transfer Calculations
[15] Next we seek to test whether the calculated coseismic stress changes are reflected in observations of postseismic fault slip and seismicity of the 2003 Zemmouri earthquake. We first assessed whether the reported afterslip on the shallow part of the 2003 source is consistent with the coseismic static stress changes caused by the Zemmouri earthquake. (Figures 6a and 6e ), 10 km (Figures 6b  and 6f ), and 19.5 km (Figures 6c and 6g ). (d) Cross section at the right end of the source earthquake (cross section position shown in Figure 6a ). Note that left-lateral tear faulting is favored in one position with respect to the thrust, while right-lateral faulting is favored in the opposite position.
We then examined the well-located aftershocks and their focal mechanisms to see if the calculated Coulomb stresses are consistent with the promotion of fault slip on their nodal planes. While these tests are inevitably insufficient to validate the stress calculations in a strict sense, if the observations were inconsistent with the model, they could invalidate the calculations.
Zemmouri Rupture Model
[16] For the Zemmouri earthquake, several variable slip models have been inverted from the seismic and geodetic data to constrain the coseismic rupture geometry Delouis et al., 2004; Semmane et al., 2005; Braunmiller and Bernardi, 2005] . Most recently, Belabbes et al. [2009] jointly inverted the coastal uplift, GPS and InSAR data. Here we used the simpler ten patch model by Meghraoui et al. [2004] and the variable slip model by Belabbes et al. [2009] , which benefits from the use of InSAR data. But we modestly simplified the curved surface of the Belabbes et al. [2009] model with two rectangular patches, each with variable slip. The 65 km long main rectangle strikes 60°and the smaller 13 km long southwest rectangle strikes 102°; both dip 45°to the southeast and undergo pure dip slip.
[17] From the inversion of surface deformation data obtained from InSAR, GPS, and coastal uplift measurements, Belabbes et al. [2009] provided a source model with seismic moment of 2.15 × 10 26 dyne cm. We have slightly rescaled their model so that it yields M w = 6.9 (2.3 × 10 26 dyne cm), which represents the most commonly inferred size of this earthquake by all other studies; Semmane et al. [2005] find M w = 7.1, and Delouis et al. [2004] and Meghraoui et al. [2004] find M w = 6.9.
Stress Transfer and Afterslip
[18] Mahsas et al. [2008] used postseismic GPS observations to infer the distribution of postseismic slip. There is abundant evidence that postseismic creep is promoted by coseismic stress changes, typically updip and downdip of the seismic rupture [e.g., Reilinger et al., 2000; Hearn et al., 2002; Lin and Stein, 2004] . For the Zemmouri earthquake, Mahsas et al. [2008] inverted six continuous GPS records from the epicentral area for the 2.5 years following the event. They argued that the data are poorly explained by viscoelastic relaxation, or by poroelastic rebound, and that instead the concentration of afterslip adjacent to and updip of the coseismic rupture is more consistent with being driven by coseismic stresses.
[19] We used the Belabbes et al.
[2009] source model to calculate the Coulomb stress change on the source plane ( Figure 7a ). The blue regions below 10 km generally depict large stress drops, whereas the majority of the upper 5-10 km display stress increases of 1-20 bars. These increases correlate with the sites of modeled afterslip (Figure 7b ). The correlation is best seen in a plot of modeled afterslip as a function of calculated coseismic stress change (Figure 8 ). Some 125 patches or 78% of the total have positive correlation between afterslip and Coulomb stress change (red and gray dots), and 35 do not (blue and white dots). A similar correlation between coseismic stress and afterslip was found for the 1999 M = 7.6 Chi-Chi earthquake by Chan and Stein [2009] . Simply put, the afterslip occurred on the updip extension of the coseismic slip surface, where most of the high afterslip patches were calculated to have Coulomb stress increase of less than 20 bars (Figure 8 ). [2008] . Note that the afterslip is concentrated where the coseismic stress increases are high.
Consistency With Mechanism of Aftershocks
[20] If the Coulomb stress increase promoted the aftershock failure, one would expect to see that faulting mechanisms of aftershocks should correlate with the coseismic Coulomb stress increase [Hardebeck et al., 1998 ]. Ayadi et al. [2008] relocated Zemmouri aftershocks in a 3D velocity model using a double-difference method and calculated focal mechanisms for 30 aftershocks during 1-27 June 2003 (Figure 9 ), which occurred throughout the rupture area. Except for the special case of zero fault friction, the Coulomb stress imparted to the two nodal planes will be different, and we do not know which of the two planes slipped. Therefore we resolve the coseismic Coulomb stress change on both nodal planes of each of these mechanisms, and plot the resulting stress changes in Figure 10 .
[21] The Coulomb stress change is positive for at least one nodal plane in 27 (90%) out of 30 aftershocks and positive for both nodal planes of 23 aftershocks (77%), while the shear stress change is positive for 20 out of 30 aftershocks (67%). The mean Coulomb stress change averaged for both nodal planes is about 2 bars. A positive correlation of stress transferred to aftershock focal planes was also found for the 1992 M w = 7.3 Landers [Hardebeck et al., 1998; Seeber and Armbruster, 2000] and 1999 M w = 7.6 Chi-Chi [Ma et al., 2005] aftershocks. Those cases benefited from an extensive pre-main shock focal mechanism catalog, allowing them to calculate the gain in post-main shock Coulomb correlation over the pre-main shock correlation, a stronger test of the triggering hypothesis than what we can conduct here. Unfortunately, in the 1.5°latitude by 2.5°longitude area centered on the 2003 Zemmouri main shock, there are only 6 global centroid moment tensor (CMT) catalog solutions, and none of these strike in the area of the 2003 aftershocks, precluding such a test.
Long-Term Activation of Off-Fault Seismicity Triggered by the Zemmouri Shock
[22] The internal consistency tests we have presented increase our confidence in the calculated coseismic stress changes for the 2003 Zemmouri rupture, and thus encourage their use in assessing the changes in seismic hazard imposed by the earthquake.
[23] Over the 7 years since the 2003 main shock, the entire south dipping thrust system extending 80 km to the southwest experienced an increased rate of seismicity ( Figure 11 ). Relative to the period before the 2003 main Among the patches with afterslip, 54 are associated with a calculated stress increase while 18 patches with a stress drop, suggesting that afterslip was at least in part triggered by the coseismic stress changes. [2009] source. The values plotted along the upper frame exceed 10 bars. Note that the majority of the nodal planes were calculated to have experienced stress increase caused by the main shock.
shock (Figure 11a) , the Boumerdes and Larbaa faults undergo post-main shock seismicity rate increases in -2007 ). An M = 5.2 shock occurred southwest of the Blida thrust on 22 August 2007. During the next 2 years all 3 thrusts sustained a higher rate of seismicity than occurred before the 2003 Zemmouri main shock (Figure 11c ).
Stress Changes Caused by the 2003 Zemmouri Earthquake

Stress Transferred to the Surrounding Crust
[24] In Figure 12 , we furnish a calculation of the stress transfer field at a midcrustal depth under the simplifying assumption that all receiver faults have a geometry either resembling the ensemble Boumerdes, Larbaa, and Blida thrust system (Figures 12a and 12b ), or the Sahel system (Figures 12d-12e ). Although the Meghraoui et al. [2004] and Belabbes et al. [2009] coseismic slip models yield a similar stress distribution, their most important difference is the greater stress transfer to the east Sahel fault, which underlies the city of Algiers (Figure 12) . Figures 12a and 12b can be compared to the idealized case in Figures 4a and 4b for en echelon thrusts with the same dip; whereas Figures  12d-12e can be compared to Figures 4e and 4f for thrusts of opposing dip. Despite the complexity of the variable slip models used in Figure 12 , it is evident that the principal features of stress transfer can be seen in the simpler tapered slip faults as long as they have about the same seismic moment.
Stress Transferred to the Boumerdes-Larbaa-Blida, Thenia, and Sahel Fault Systems
[25] We next calculated the Coulomb stress resolved on the Boumerdes-Larbaa-Blida thrust faults bounding the southern margin of the Mitidja basin, and find that the western portion of the Boumerdes thrust, and to a lesser extent, the eastern portion of the Larbaa thrust, were brought closer to Coulomb failure by the Zemmouri earthquake ( Figure 13 ). The Boumerdes stress is calculated to have increased by up to 1.5 bars, with the Larbaa increased by up to 0.4 bar. The Zemmouri stress promotes slip on the strikeslip Thenia fault by >2 bars in the upper 5-8 km, but inhibits slip by >2 bars below 8-10 km (Figure 13 , inset). We calculated that the east section of the Sahel fault was brought up to 0.4 bar closer to failure, with negligible stress changes on faults farther west of the Zemmouri rupture surface (Figure 13 ). The first 2 years of shallow afterslip only slightly increases the stress on the Boumerdes and Larbaa faults (Figure 12c) ; the same is true for the Thenia and east Sahel fault.
Discussion
Generalizing Zemmouri to Thrust Fault Interactions
[26] The interactions among simple thrusts and tear faults presented in an early section of the paper shed light on the Zemmouri earthquake triggering. We showed that a thrust fault brings en echelon thrusts closer to failure (Figures 4a-4d ), and this is seen for the Boumerdes thrust (Figures 12a  and 12b ). The Boumerdes thrust sustains a calculated stress increase and is at least partially bathed in aftershocks Figures 12d-12f , strike/dip/rake = 257°/50°/77°). The coseismic source models of Belabbes et al. [2009] (Figures 12a and 12d) and Meghraoui et al. [2004] (Figures 12b and 12e ) were both used, as well the afterslip model [Mahsas et al., 2008] (Figures 12c and 12f ).
( Figure 14) . We also showed that slip at depth on a tear fault with the correct sense of slip is strongly promoted ( Figure 6 ); this is similar to the Thenia fault, which is the site of triggered slip at depth [Belabbes et al., 2009] and aftershocks ( Figure 14) . We also showed that parallel thrust faults located perpendicular to strike of the source quake are inhibited from failure, regardless of whether they dip in the same direction (Figures 4a and 4b) or opposite to the rupture Figures 4e-4g) . Déverchère et al. [2005] found morphological evidence for active thrust faults north of the Zemmouri fault in the bathymetry, but none of these faults were activated by the Zemmouri shock, consistent with this expectation.
Implications of Stress Transfer for Earthquake Hazard Changes
[27] An inverted Y-shaped aftershock distribution is evident to the southwest of the Zemmouri rupture surface, these off-fault aftershocks appear to encompass the stressed portions of the Thenia and Boummerdes faults (Figure 14) . Belabbes et al. [2009] found coseismic offsets across the Thenia fault from InSAR data between Zemmouri and Cape Matifou, which they modeled by 0.15-0.38 m along 20 km of a right-lateral vertical Thenia fault, in a similar sense but longer than the 2-3 km of surface cracks observed in the field. These observations are consistent with the shallow stress changes promoting right-lateral slip (Figure 13 , inset).
[28] The Coulomb stress transfer calculations help guide our understanding of how the long-term seismic hazard has been altered by the Zemmouri earthquake. The most strongly stressed fault is the Boumerdes; its deeper western portion was subjected to a calculated 1-2 bar increase ( Figure 13 ). The next most stressed fault is the Thenia, although only the shallower portions of the fault are brought 1-2 bars closer to failure; the deeper, presumably seismogenic portion was inhibited from failure (Figure 13, inset) . The east Sahel and Larbaa thrusts are both brought up to 0.4 bar closer to failure (Figures 12 and 13) . Unfortunately, we can say little about the east end of the 2003 rupture despite the large off-fault stresses; Déverchère et al. [2005] mapped en echelon thrusts east of the Zemmouri rupture, but background seismicity is quite low.
[29] While we can estimate the stress increases on these faults, it is much more difficult to assess how close the Boumerdes and east Sahel faults are to failure, since their long-term slip rate is unknown. Given the 5-6 mm/yr contraction rate, the Blida and Sahel systems could perhaps each have rates of ∼2 mm/yr (see also discussion in the work of Meghraoui and Doumaz [1996] ). The Sahel thrust might have ruptured in A.D. 1365 and 1716 (Figure 1) , in which case the potential for about 0.6-1.3 m of slip now exists, Figure 13 . Calculated Coulomb stress changes caused by the 2003 Zemmouri earthquake resolved on the Boumerdes, Larbaa, and Blida fault segments and the Sahel fault system based on the Zemmouri slip model of Belabbes et al. [2009] . The assumed dip/rake of the faults were as follows: Boumerdes (40°/ 90°), Larbaa (45°/80°), Blida (60°/80°), Thenia (90°/180°; shown as an inset), Sahel east (45°/70°), central (45°/70°), and west (45°/70°). All faults were assumed to extend to 15 km depth. equivalent to a minimum M w = 6.6-6.9 earthquake considering the estimated fault surface area of the eastern section of the Sahel thrust system. Unless paleoseismic investigations can provide constraints on past earthquake parameters, the long-term hazard of the eastern Mitidja basin will remain even less clear. What is certain is that large ruptures on either the east Sahel or Boumerdes thrust would strongly affect Algiers; these faults pose the greatest seismic risk to the capital city, and need further seismotectonic investigations.
Conclusions
[30] We have shown that the 2003 Zemmouri earthquake transferred stress to several surrounding en echelon thrusts and at least one strike-slip tear fault. This process leads to off-fault aftershocks and could potentially to propagating earthquake sequences in the future. A variable slip model [Belabbes et al., 2009 ] was used to calculate stress transferred to the sites of afterslip and aftershocks with focal mechanisms, and in both cases a high correlation was found with coseismic stress increases. We also calculated that the shallower portions of the right-lateral Thenia fault were brought >2 bars closer to failure; InSAR data reveals about 0.15-0.38 m of likely coseismic offsets along the 20 km long fault.
[31] Bolstered by these internal tests of the Coulomb stress calculations, we found that the 2003 Zemmouri quake brought the deeper and western portion of Boumerdes thrust up to 1.5 bars closer to failure, and the east Sahel and Larbaa thrusts up to 0.4 bar closer to failure. The calculated pattern of the stress increase on the Boumerdes fault appears at least roughly consistent with the 2003 Zemmouri aftershocks, which illuminated parts of the Boumerdes thrust. We regard the Boumerdes and east Sahel faults as the most threatening earthquake sources for Algiers, and thus, we advocate deeper study of their slip rate and past earthquake history.
[32] Acknowledgments. We are grateful to the local authorities in Algeria for the help and assistance during field investigations. We thank C. Wicks and Z. Cakir for constructive discussion; F. Ousadou for help in preparing the seismic database; V. Sevilgen for technical assistance; and F. Pollitz, C. Wicks, and R. Harris for U.S. Geological Survey internal Figure 14 . Perspective view of the first 2 months of Zemmouri aftershocks (1500 events) from Ayadi et al. [2008] together with the Thenia and Boumerdes faults, and both the Meghraoui et al. [2004] and Belabbes et al. [2009] rupture surfaces. Aftershocks appear to strike near both the Boumerdes and Thenia faults, which either overlap or lie just to the west of the main shock rupture. Aftershocks are colored by depth: red, 0-5 km; green, 5-10 km; and blue, >10 km.
